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A\'  r.  ERS  01  SMALL 

PORE  FOR  USE  1  NT  OF 

OSMOTIC   PRESSURE, 


1.    Review  of  Former  Work, 

Throughout  the  ten  or  'tiore  years  of  investigation  of 
osmotic  pressure  in  ohis  laboratory  a  major  portion  of  the 
cime  has  been  spent  in  the  detection  and  elimination  of  sources 
of  error.  In   order  that  the  problem  might  be  attacked  upon  a 
secure  basis,  the  following  factors  must  become  known  and  re- 
liable quantities,  viz:  a  suitably  strong  semi-permeable  mem- 
brane; an  effective  method  for  depositing  the  same;  a  cell  of 
fine  texture,  suitable  perosity  and  at  the  same  time  possessing 
great  strength  of  wall;  baths  accurately  and  automatically  re- 
gulated as  to  temperature;  and  finally,  manometers  -  of  a  type 
convenient  tc  manipulate  for  registration  of  the  pressure  ex- 
erted within  the  cell.  Examination  of  the  published  work  will 
reveal  how  elaborate  and  perfect  the  system  has  come  to  be. 


1.   Earlier  papers  will  be  found  in  Am.    .Jr.,  28, lj  29,1 
32,93;  34,1;  36,1  &  39;  37,324,425,558;  38,175;  39,         1,19 -i 
266,325;  41,3,92,257;  45,91. 
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In  fact  all  the  larger  difficulties  have  Veen  disposed  of  ra- 
ther satisfactorily  except  the  manometer  factor. 

Sufficiently  accurate  manometers  fc       teasurement 

e  temperature  coefficient  of  osmotic  pressure  tia  ■ 
in  use  for  three  years  and  their  preparacion  has  been  describ- 
Bd,    "But  it  was  realized  that  these  instruments  had  con. 
error  factors  -  though  of  uncertain  magnitude  -  and  it  was  with 
difficult       an  adequate  number  of  the  instruments  agreeing 
sufficiently  well  among  themselves  were  finally  obtained.  By 

:thcds  of  manometer  preparation  formerly  used  one  was  by 
no  means  certain  whether  he  would  obtain  a  "gocaM  instrument. 

er  was  constantly  fearing  the  worst  and  in  the 
of  cases  his  fears  were  realized.   However,  a  series  of 
tera  came  into  hand  which  agreed  closely,  and  these  were  chosen 

'  t  B  » 

These  manometers  have  been  prepared  substantially, 
3 
as  follows:-  the  capillary  tubes  were  chosen  with  care,  extra 

effort  heir-  made  to  find  those  of  most  uniform  here;  the  tubes 

were  then  calibrated  carefully  from  a  scratch  on  the  tube  -• 

rtion  whicl   fould  be  iilled  with  gas  . 

2.  Ani.    Ch.    Jr. ,    40,32     . 

3 .  i         Llary  J,r  e 

paper  means   a  a  0.4  m.m.  to  0.8  m.io. 
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regularities  expressed  in  "call- 
;ion  units."    as      apill       jssion  oi  ;he  tube  w-g 
determined  at  so:ae  point,  and  then  the  tube  v-ae  carefully  clean- 
ed again,  dried  ana  filleu  in  the  customary  mariner  with  nitro- 
gen,  xhe  next  step  in  the  procedure  was  the  determination  of 
the  volume  of  gas, expressed  in  calibration  units,  contained  in 
closed  manometer,   x'hree  methods  were  used  -  two  differing 
slightlj  from  each  other.   One  method  was  to  place  the 
manometer  in  a  steel  "block  and  calculate  the  volume  from  the 
known  volume  of  a  "standard"  manometer,   Ihe  "steel  clock"  is 
nothing  mors  than  a  strong  reservoir  with  receptacles  for  three 
manometers  and  plungers  with  which  to  secure  a  wide  range  of 
pressures.   From  the  known  volume  of  the  "standard"  one  could 
calculate  the  pressure  its  gas  volume  wai   rider,   -hen  with  the 

..ens  applied  to  the  manometer  under  compari 
one  could  calculate  the  volume  of  ^as  inclosed  at  0-760.   Ehis 

thod  seen  fell  under  suspicion  for  reasons  not  fully  under- 
stood at  the  time  -  these  will  be  presented  later,   xhe  o 

-  consis        o  open  "sice  tube"  method,   xhe  "side 
tube"  consisted  .  •  a  .       oJ    »  same  capillar:  i?„...  \ 


- ■  -  "cal^  .   .  ■. ^lime  of  each  mille- 

metre  .:      ilibrat        and  is  calculated  from  the  *ei 

L  Hi        Lei 
i 


— 


:    -  ■  was  made,     Ihe  -•-'  capllla 

si-dLt. 

depresi        >cts.    If  the  sai«i  tube  was  substituted  Ln  the 
steel  I'lock:  in  place  of  the  "standard  manometer"  the  pressure  on 

the  manomeier  under  examination  was  easily  obtained.  ir-      -  Lid 

■         ,  j   column  in  the  siae 
above        the  manometer  plus  the  barometric  pressure.  Know- 
ire  and  observing  the  volume  ci  the  tas  in  the 
manometer  a.nd  keeping  the  l-:.er  at  a  strictly  constant  temper- 
ature, it  is  cnl.,  necessary  yj   apply  the  gas  law  equations  to 
find  the  volume  under  standard  conditions.   A  modification  of 
the  "side  tube"  method  was  ^o  use  a  tape  wound  rubber  tube  as 
the  connecting  reservoir  between  "side  tube"  ana  manometer. 
.  xo  economized  time,  and  is  equally  accurace.   Afte 

rations  had  been  made  at  different  press  'es  - 
-,  under  examination,  the  average  value  oi  these  was  as- 
sumed to  closely  a  proxi  ate  its  volume.   Ihe  final  ;ss,  oi  :he 
une  after  it  had  registered  constant  -res- 
in solutions  of  i:nc  -  i.e. 
is  oi  the  manometers  chosen  befc    ai       i.  ;he  most 
snes.  '1 
oi'  these  manometers,  ana  therefore  8i*"vf    In  ;he  pressures  tl 
jeredj^was  recognized.   But  these  errors  \;o  ■  t         {   and 


of  such  :.  nature  ^d  negligible  affect 

.ion  of  osmotic  p   .  e  or 

in  other  words  the  temperature  coefficient. 

A  A/e\;   /ype  of  Manometer ,  andjiiscussi 
tfo+strcr )  ■  mination  of  absolute  osmotic  press 

is  to  be  considered  -  or  in  other  words  ;ne  relation  of  concen- 

-  .,  i-e,  these  errors  assume  an  altogether  serious 
aspect.   Ana  while  the  errors  are  small,  and  the  labor  of  e    - 
ing  them  is  tedious  ana  ;ime  consuming,  still  the  end  hoped 
for  is  worthy,  or  even  necessary.   The  work  herein  described 
has  been  an  effort  to  eliminate  as  far  as  posible  this  last 
?rror  source  -  the  manometer  error  factor, 

a  manometer  of  large  volume  the  majority  of  error 
so  irces  are  no  larger  than  in  those  of  small  volume.   Hence  in 
those  cf  large  volume  the  .percentage  error  would  be  greatly 
reduced.   V/ion  this  idea  in  mind  a  new  type  of  manometer  was 
devised.  Figs.  I  and  11  show  the  old  and  new  type  respect! 
The  type  shown  in  Pig.  II  has  a  tube  of  large  bore  scale; 
tween  the  two  portions  of  small     .   Ehe  purpose  of  this  is 

:  a  large  volume         mduly  le:.  ■  ln- 

strumei  .     se  large  tubes  are  sc  selected  as  to  length  and 
bore  t  -      Instruments  may  ho  used  only  above  certain  con- 
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centratio.ns,  that  is,  a  solution  must  exer.  .,ure 

to  sustain  the  mercury  at  a  ;oint  several  millimetres  a1- eve 
the  joint  of  ohe  enlarged  portion  of  the  tube  and  the  capillary 
above.    Ihe  pressures  necessary  vary  from  3  or  4  ,.    20  atmos- 
pheres for  different  manometers. 

rhe  capillary  tubes  were  selected  with  the  us  ml 
care  and  put  into  the  hands  of  an  expert  glass  blower.   rhey 
were  returned  as  straight  tubes,  extending  in  length  a  few  cen- 

fimetrea  below  bulb  3  and  not  sealed  at  the  top  as  shown  at 
4.   These  tubes  were  carefully  annealed,  allowed  uo  rest  undis- 
turbed for  some  months  before  calibration,   rhese  tubes  were 

]  I y  calibrated  by  the  usual  mecnod  in  use  in  this 
5 
laboratory.   Irom  Fig.  II  it  may  be  observed  that  small  narks 

croad  „:_•=  ca.-illary  a  few  millimetres  above  bulb  3  a 
Larged  portion  of  the  tube,   i'hese  :  iar<<:s  are  known  as  the  "1 
scratch"  ana  "upper  scratch"  respectively,  and  the  y::aii  cap- 
illaries ..       im  are  known  as  cve  "short"  ana  "long"  capilla- 
ries respectively.    -  illary"  was  first  calibrated 
ana  the  "calibration  .  "short  capil- 
lary" was  calibrated  and  its  c      Lot  ;ed  in  l 

5  This  work  was  .Holland. 


Llary  li  t  •  Hon 

I  -       foe  until  ;   rill9d  the  tube 

f'-um  the  upper  scratch  to  some  point  certainly  within  the  cal- 

:rtion  of  ;he  lower  c 
served  LikewiBe  and       'cury  wa8  run  ou^ 

reighedt  From  the  datfc,  in  hand  the  total  volume 
scratches  was  obtained,  and  this  in  turn  was  expressed 
calibration  unit  of  the  long  capillary.   This  1        -ration 
was  all  gone  over  in  duplicate  by  the  writer ,and  the  values 
ed  agreed  very  precisely  with  the  former  determinations . 

DETERMINATION  OF  CAPILLARY  DEPRESSION 
(a)   Purification  of  Merc 

.'  -  next  examination  to   -    Tied  out  was  a  detailed 
one  *or  capillary  depression.   For  this  purpose  and  also  for 
filling  the  manometers,  a  supply  of  very  pure  mercury  was  neces- 
sary.  The  smallest  amount  of  impurity  either  dissolved  or  me- 
chanically held  is  well  known  to  seriously  hamper  the  free  flow 
of  mercury  through  tubes  of  small  "bore.   Hence  the  necessity  of 
very  pure  material.    This  had  been  previously  prepared,  and  the 
preparation  had  best  be  described  v>ere.   -o  obtain  pure  mere  iry 
is  no\   such  simple  matter  appear  to  the  inexperienced. 


( 


Too  great  care  cannot  "be  exercised  in  its  preparation.   A 
^rade  mercury  was  obtained  from  dealers  and  was  subsequently- 
treated  by  the  writer  in  the  following  manner,  (1)  about  four 
to  six  pounds  were  placed  in  a  long  necked  hard  glass  receiving 
bulb.   This  had  fitted  into  the  neck  a  two  hole  cork  stopper 
e-ovrring  two  glass  tubes,  one  of  which  extended  below  the  sur- 
face of  the  mercury  and  opened  into  the  air  without,  the  other 
extended  just  below  the  stopper  and  at  the  other  end  was  attach- 
ed to  a  pump.   The  bulb  was  placed  or.  a  sand  bath  and  heated 
to  the  boiling  point  of  mercury  for  four  to  six  hours,  air  being 
drawn  through  the  entire  time.   The  effect  was  surprising  in  that 
a  large  amount  of  impurity  was  oxidized  and  appeared  on  the  sur- 
face as  scum.   (2)  After  cooling, and  filtering  through  a  paper 
perforated  with  pin  holes, the  now  bright  metal  was  introduced 
into  and  distilled  through  a  vacuum  still,   Ihis  still  was  of  a 
simple  order,  being  made  from  a  piece  cf  &**4es  combustion  tub- 

-  •:  BU]  '  I.  reservoir  of  the  still  was  an  ordinary  J-tube 
and  from  this  the  supplj  arm  led  up  to  the  still  proper.   This  tube 

.  by  merely  raising  o~  lev-" 
tube  one  cculc  a<i         length  oj       r   \-  column  tc  meet 
barometric  changes.   The  deli-       a  was  somewhat  -"ore  than 
barometric  length  and  1  ence  always  maintained  a  column  of  mer- 
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cury  sufficient  to  offset  atmospheric  pressure.   The  upper  por- 
tion of  the  delivery  tube  was  somewhat  enlarged  so  that  the 
mercury  would  have  rreater  condensing  surface,  and  so  that,  in 
falling, air  was  continually  being  trapped  and  carried  out. 
"nee  the  still  was  in  operation  it  gradually  kept  refining  its 
own  vacuum.   (3)  i'he  mercury  was  next  washed  by  the  method  of 
Lothdr  Meyer.   Instead  of  fer*ic  chloride  solution  however,  a 
two  per  cent  nitric  acid  and  two  per  cent  mercur*»o  nitrate  solu- 
tion was  used.   A  very  effective  means  of  breaking  the  mercury 
into  fine  globules  was  employed  by  the  use  of  a  silk  bolting 
cloth  strainer.   A  half  litre  separator^  funnel  was  flared 
somewhat  at  the  delivery  stem  and  over  this  was  bound  a  double 
thickness  of  the  clcth.   On  opening  the  stop  cock  and  allowing 
the  mercury  to  enter  it  breaks  into  perhaps  many  thousands  of 
fine  globules.   In  fact  the  separation  is  so  effective  that  the 
whole  length  of  the  two  metre  verticle  tube,  through  which  it 
falls } is  darkly  and  heavily  clouded.   This  exposes  an  enormous- 
ly large  surface  to  the  action  of  the  acid  and  salt.   Furthermore 
the  pouring  was  repeated  1000  times.  By  continually  renewing  the 
solution  it  vould  seem  quite  safe  to  think  that  nil  those  metals 
which  are  volatile  with  mercury  vapor,  and  hence  had  no*  been 
left  behind  in  process  (2)  would  be  removed.   (4)  After  wasring 
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with  water  drying  and  filtering  again,  the  mercury  was  finally 
redistilled  through  a  second  vacuum  still.   Thie  still  was  of  the 
same  type  as  the  one  described  above,  hut  very  much  smaller.  Be- 
fore use  in  a  manometer  this  mercury  was  filtered  again,  either 
through  hard  filter  paper  perforated  with  pin  holes. or  through 
a  clean  funnel  drawn  to  a  capillary  at  the  end.   The  latter  has  the 
advantage  that  it  offers  no  lent  or  dust  to  stick  to  the  sur- 
face of  the  metal.   An  entirely  satisfactory  Trade  of  mercury 
was  thus  obtained. 

("b  )  Discussion  of  Capillary  Depression. 
The  fact  that  it  has  "been  found  most  practicable  to  de- 
termine manometer  volumes  at  low  pressures  caused  the  capillary 
depression  factor  to  assume  altogether  important  proportions. 
As  entioned  above  it  was  sought  to  escape  this  factor,  in  so 
far  as  it  affected  volume  determinations,  by  the  use  of  the 
"side  tube"  cut  from  the  same  piece  of  tubing  as  was  the  manometer. 
That  it  did  not  eliminate  the  error^but  probably  introduced  one, 
will  be  shown  later. 

The  procedure  of  determining  the  capillary  de- 
pressions was  very   simple.   A  tube  40  m.m.  in  diameter  and  25 
c.m.  lonr  was  used  as  the  reservoir.   This  was  sealed  to  a  short 
piece  cf  ordinary   thick-walled,  barometer  tubing.and  -nanometer  and 


ected   .  -  auitablelength  ci 
ber  tubing  filleu  with  merci  .  .    lore  atta< 
tube/t       aeter  the  latter  was  i  i  f'icient 

itity  of  the  pure  mercury  to  render 
cus  would  be  clean  and  the  flow  of  the  mercury  free.   The  .-oint 

.ich  the  meniscus  stood  could  he  varied  at  will  by  raising 
or  lowering  the  reservoir. 

This  wo  u:  was  carried  out  in  the  "Manometer  house" 
is  kept  at  a  constant  temperature  -  and  will  be  described 
later.   Hence  the  probability  of  error  from  fluctuating  tem- 
perature was  avoided. 

Since  the  effect  of  capillary  depress-        est 
.  ^a  as  to  its  bearing  upon  volume  determinations,  and  since 
the  meniscus  in  the  manometer  would  stand  somewhere  in  the  abort 
capillary  while  its  volume  '.as  being  determined^  it  is  at  once 

1  ed  examination  of  that  po         the 
manometer  should  be  carried  out.   The  capillary  depress 
were  ascertained  at  shorter  intervals  andAmore  precaution  as 
to  tapping  in  t       't  capillary  than  in  the  long  capillary. 
Of  course  aa  -eases  in  a  manometer  ; 

depression  er-         see, and  indeed  above  a  few  atmospheres 
ies  quite  insi/rnif ic:-. 
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I?he  tendency  en  the  part  of  the  mercury  to  lag1  Ln 
the  small  capillary  was  overcome  "by  tappers.   rhese  were  the  or- 
dinary coils  and  hammer  of  small  call  bellBj  mounted  upon  weight- 
ed standards,   ^hese  could  be  easily  placed  in  a  suitable  pc3i- 
tion  and  controlled  by  a  button  on  the  outside  of  the  manometer^. 
If  it  were  left  to  these  tappers  alone  to  establish  equilibrium 
between  the  columns  it  frequently  required  more  than  an  hour. 
-  owever  one  operator  found  that  a  preliminary  tap  or  two  on  the 
connecting  rubber  tube  with  a  pencil  would  so  hasten  equilibrium 
that  only  ten  to  fifteen  minutes  subsequent  tapping  by  the 
hammers  was  required. 

It  has  been  suggested  that  it  is  unnecessary  to  go 
through  the  labor  ©f  experimentally  determining  the  capillary 
depression  of  snail  bore  tubes.  That  instead  of  such  experi- 
mental determination  the  depressions  could  be  calculated  directly 
from  the  surface  tension  value  of  mercury  and  the  diameter  of 
the  tube,  expressed  by  the  following  equation. 

dgh  s  2T  or  h-  2T.   where  h  would  represent  the  depres- 
r         dgr,  /k^  (VvcUv^^-^ 

3ion,^  the  surface  tension  of  mercury  in  dynes  d  the  density  of  th 


would  be  entirely  satisfactory  if  one  could  be  certain  c 
values  of  l,    and  r. 


value  of  Tjhoveverjis  sc  strictly  a  functi< 
and  cleanliness  cm        'cury  that  it  is  . 
the  commonly  accepted  values  are  adopted.   Fur-, 
must  '.  3  bpared  in  cleansin       •  illary  b   i  .   rhese 
factors  -  the  mercury  and  the  tube  -  place  the  investigator 
i-  a  dubious  frame  c*   mind  as  to  how  well  acne  one  else' a  value 
for  T  will  fit  his  own  needs.  Equally  as  serio'-js^or 
more  serious  is  the  unrelial  ilitj  cf  the  value  for  r  at  any 
particular  point.   To  determine  the  diameter  of  a  capillary 
tube  exactly,  at  points  very  slightly  removed  from  eacb  other, 

.  considerable  length  of  a  tube  would  involve  an  . 
mouB  amount  of  time  ana  labor.   Slight  irregularities  only  a 
millimetre  or  two  apart  cause  very  marked  differences  in  capil- 
lary depression,  hence  it  is  not  without  grave  risk  t 
mean  diameter  through  even  a  short  distance  ma;,'  be  adopted. 
Nor  is  it  in  any  measure  safe  to  determine  the  capil] 
pression  at  one  or  two  points  and  as  the  . 

depression  for  all  points. 

accompanying  table  I.  will  furnish  some  idea  of 

variable  depressions  no 

lough  the  tube  has  been  chosen 
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The  manometer  was  of  the  old  type,  aa  shown  in  Pig.  I,  and  is, 
for  certain  laboratory  convenience,  designated  M.5. 


XAJiLE    I 

stance   above 

Capillary 

Scratch 

Depressior 

6.65 

7.92 

2?.^0 

10.85 

47.35 

9.87 

71.38 

10.04 

114.26 

10.42 

Distance  above    Capillary 
Scratch       Depression 


117.43 

11.42 

224.12 

11.18 

280.30 

11.74 

361.30 

11.80 

414.10 

12.14 

Now  since  at  pressures  ranging  from  800  to  1000 

millimetres  constitute  the  limits  "between  wMc>>  one  must  deter* 

mine  the  volumes  of  these  manometers  if  open  side  is  used,  any 

considerable  discrepancy  in  capillary  depression  would  have  a 

grave  effect  on  the  accuracy  of  the  final  result.   In  fact,  at 

•ucfc  lew  pressures^ a  difference  of  one  millimetre  amounts  to  a 

difference  of  about  one  calibration  unit  when  the  final  volume 

is  calculated.   If  in  the  case  of  manometer  M.5  the  depression 

had  not  ben  taken  nearer  the  scratch  tvan  22,7  millimetres. and 
A  J 

the  observations  carried  out  from  that  point  as  tabulated,  by 
former  usage  the  mean  value  11.05  of  t^ese  last  nine  observa- 
tions woulo  rave  been  adopted.   If  now  the  manometer  had  been 
filled  witv.  nitrogen,  and  sealea,  and  its  volume  under  process 
of  determination,  unless  sufficient  pressure  were  brought  to 
bear  to  bring  tbe  meniscus  above  22.7  m.m.  f^om  the  scratch 
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an  uncertainty/  at  least  woula  be  introduced  as  to  the  final 
gas  volume  in  the  manometer.   If  the  meniscus  could  not  he 
brought  above  9  millimetres  above  the  scratchy  and  if  the  mean 
depression  value  of  11.05  were  assumed  to  be  the  depression  at 
that  point,  an  error  of  11.05  -  7.921  3.13  calibration  units 
would  have  resulted.   The  volume  of  this  manometer^  subsequently 
determinedjWas  503.00  calibration  units.   An  error  of  3.13  cali- 
bration unite  would  have  caused  an  error  of  about  0.62/i  on  the 
volume.   While  this  error  would  have  decreased  as  pressure  in- 
creased still  it  would  have  furnished  sufficient  discrepancy 
from  other  instruments  to  stimulate  distrust  in  its  accuracy. 
Hence,  as  has  been  stated  above,  S&  very  detailed  determinations 
of  capillary  depressions  were  made  in  the  short  capillaries  of 
nanometersjand  careful  though  less  detailed  determinations 
in  the  long  capillary.   Curves  were  plotted  for  depressions  in 
the  same  fashion  as  for  calibration, 

FILLING   TEE  liAKOLlBTKHS 
(a)  The  Preparation  of  the  Nitrogen 

The  manometer  tubes  were  now  considered  ready  for 
filling  with  nitrogen.   re  the  stem  below  bulb  3,  Firs.  I  and  II 
bhe  straight  tube  carrying  bulbs  1  and  2  was  sealed  and  sutse- 


quently  Vent  as  shown  in  the  figure.   To  be  quite  satisfied  as 
to  the  cleanliness  cf  these  tubes  -  now  unfilled  manometers  - 
they  v;ere  subjected  to  a  third  cleansing  with  sulphuric  acid 
chromic  acid  mixture , washed  out  with  distilled  water,  and  final- 
ly washed  several  times  with  "conductivity  water",    rhey  were 
then  placed  in  a  drying  trainband  dry  air  pumped  through  for  not 

less  than  18  hours. 

6 
Mention  has  been  made,  in  a  paper  already  published, 

of  the  fact  that  air  was  at  one  time  used  to  fill  the  manometers 
and  that  nitrogen  was  subsequently  adopted.   When  air,  however 
carefully  washed  and  dried,  was  used,  there  seemed  ultimately 
to  be  a  decrease  in  the  volume  of  the  gas  in  the  manometer. 
This  could  he  due  tc  oxidation  of  impurity  in  the  mercury  - 
as  oxidisahle  impurity  might  have  been  present.   The  adop- 
tion of  nitrogen  has  eliminated  that  trouble.    The  preparation 
of  the  nitrogen  was  marked  by  the  same  caire  which  was  exer- 
cised in  all  the  different  steps  of  the  work.   The  nitrogen  was 
prepared  from  air  in  the  following  way:  The  air  was  drawn  through 
a  brain  of  bottles  containing  alkali  pyrogallate,  continuing 
through  a  tube  at  red  Mat  containing  reduced  cooper,  then  on 

6    Loc.  Ci;. 
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through  waskbottles  containing  alkali  pyrogallate  and  concen- 
trated sulphuric  acid  respectively,  chence  through  another  tube 
at  red  heat  containing  first  copper  oxide  wire  then  reduced 
copper  gauze,  thence  through  tubes  of  fused  calcium  chlc-ide 
and  stick  caustic  alkali,  and  finally  through  a  tube  of  resub- 
limed  phosphorous  pentoxide  distributed  over  asbestos  fibre. 
ihe  whole  train  was  filled,  heated,  and  air  drawn  in  for  some  time, 
Then  it  was  closed  and  allowed  to  stand  for  some  hours  in  or- 
der to  rive  opportunity  for  a  diffusion  from  all  packed  places 
of  any  oxygen  or  ether  gas  that  could  be  separated  out.   After 
reheat ing^ and  drawing  in  a  current  of  air  for  some  time  and 
allowing  the  nitrogen  to  waste; the  reservoir  was  finally  at- 
tached and  a  supply  of  nitrogen  collected. 

(b )  Pilling  and  Closing  the  .'Manometer, 
Xhe  method  of  filling  the  manometers  was  the  same  as  that 
used  in  former  work,  viz:-  the  mercury  was  first  drawn  into 
bulbs  1,  2  and  3.   Then  the  manometer  is  sealed  at  the  top  to 
a  stem  from  the  nitrogen  reservoir.   The  nitrogen  is  used  to 
wash  the  manometer  free  from  air  several  times  before  It  is 
finally  closed.   After  allowing  the  desired  quantity  of  fas  to 
enter, the  usual  mercury  thread  is  run  in  at  the  top,  and  the 
manometer  sealed  off  as  described  in  a  paper  already  referred 
to.    Only  one  modification  of  che  process  was  adopted. 


1  - 


Formerly  when  the  top  of  tl  •  a]    off, 

the  short  aer<       -ad  immed  .       iderneath  e 

■  flame  often  became  so  agitated  -  due  to  sudden  va. 
nation  and  condensation  of  its  top  portions  -  that  globules 
frequently  "became  detached  and  trapped  gas  between  themselves 
and  the  main  threads   This  caused         able,  and  frequently 

required  reopening  the  manometer  for  their  axslodgment.   T  is 
was  remedied  "by  simply  softening  the  '.vails  of  -he  tube,  some- 

above  that  portion  at  which  the  upper  meniscus  would  st^nci , 
and  allowing  the  capillary  to  become  constricted  to  very  fine 
bore.   This  measure  Hindered  the  rapid  vibration  back  and  fc 
of  the  column  and  not  a  single  accident  was  experienced  in  the 
entire  lot  oi  manometers. 

DKx'KrJIMi'ION  OF  GAS  VOLUMES. 

Since  the  object  of  this  entire  investigation  was 
the  development  of  a  reliable  method  for  manometer  construction, 
ana  since  up  to  this  stage  of  the  work  no  pains  or  time  ".ad 
been  spared  for  the  sake  of  accuracy^ it  was  necessa     re  to 
hit        .    most  reliable  method  of  work  also.   Much  care  ,vas 
taken  to  arrange  a  bath  which  would  conveni  ^.11 

tne  necessa      iratus,  and  at  the  same  time  be  easily  renulased 


2.z   a  (  .  Li       is  the  "aancne^er 

hou»e"i   All  the  essential  details  are  »hown  in  Pig,  III.   In 

re  (1)  is  a  shelf  on  which  is  arranged  all  ,       'umente, 
such  as  the  "steel  clock"  the  "brass  block",  the  metre  scale, 
the  tappers,  etc.    This  shelf  reeti  on  heavy  bracket  a  \.  ich 
are  bolted  to  the  heavy  masonry  of  the  wall  behind.         nno- 

Litor  is  hung  from  a  bracket  on  the  wall  itself  and  is  thus 
freed  from  the  effects  of  the  vibrations  caused  by  the  tappers 
when  -,hese  are  at  work.   Partition  (2)  merely  serves  to  hold 
back  the  air  and  necessitates  its  being  forced  by  the  fan  motor 
through  the  hole  in  the  partition.   The  arrows  show  its  direc- 
tion of  circulation.   At  each  end  of  shelf  (1)  a  5  cm.  space 
allows  the  air  to  pass  through  the  upper  compartment.   This 
is  kept  a  few  degrees  above  the  temperature  of  the  outside  room  - 
this  latter  being  regulated  roughly  by  a  steam  radiator  or  a 
gas  stove.   Control  of  temperature  is  'a^inoiined  oy   the  i 

in  the  fip;ure  -  the  lamps  being  controlled  by  the  thermo-* 
regulator  above.   In  fact  the  system  of  the  electric  control  of 
is  ineitioal  with  that  in  use  in  all  the  constant  tempera- 
ture baths  employed  in  this  work.   With  this  arrangement} fluc- 
tuation of  temperature  is  kept  well        *),1  of  a.   ae~ree. 


< 
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minute  details  of  the  manometer  house  are  shown  from  1  1.  ./If. 

The  scs-'l  block,  which  has  been  previously  described, 
was  originally  designed  for  the  determination  of  manometer  gas 
volumes  against  a  "standard"  manometer.   The  volume  of  the  pro- 
posed standard  was  dcenriined  at  lov.-  pressures  -  but  without 
the  precautions  observed  in  the  recent  work.   Tne  idea  was  to 
find  the  means  of  comparing  other  manometers  under  high  pressure 
with  this  one.   Assuming  that  the  original  volume  of  the  standard 
was  correct,  the  pressure  it  would  be  under  at  any  position  of 
the  meniscus  coula  be  easily  calculated  from  the  gas  laws. 
Further^ if  another  manometer  was  in  series  with  it,  if  proper 
corrections  were  applied  for  the  different  heights  of  mere; 
the  pressures  must  have  been  identical.   Prom  this  pressure  the 
volume  of  the  second  manometer  was  in  turn  calculated.   No  sa- 
tisfactory results  were  ever  obtained  by  the  "standard"  manometer 
method.   At  low  pressures  a  different  volume  was   Lwa  a  calcula- 
ted than  at  high  pressures.   In  Pig,  V  is  ehown  a  t.tieal  curve 
fo~  the  "volume"  of  nitrogen  in  a  manometer  determined  by  this 
method.   Obviously^  a  volume  curve  of  a  closed  manometer  is  a 
straight  line.  Hence  tome  constant  error  was  affec 
results .  It  is  more  pr 

.  one  which  was  most  effective  under  low  pressure  wai 
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ably  due  to  capillary  depression.   .'hat  under  high  pressure 
appears  to  have  beBn  due  to  error  in  meniscus  correction.   Phe  for- 
mer error  woula  decrease  in  importance  as  the  pressure  was  in- 

reasedj  while  the  latter  err< 
tion  with  increased  pressure. 

The  proper  meniscus  correction  has  been  a  much  mooted 
question,  and  confession  must  be  made  that  no  method  without 
theoretical  or  practical  objection  is  at  hand.  It  is  stated 
that  perfectly  pure  mercury  leaves  perfectly  pure  glass  at  an 
angle  of  148  degrees.   The  determination  of  such  an  anfcle  would 
not  be  difficult  f-om  a  ^iain  surface^  or  from  a  cylindrical  sur- 
face provided  the  arc  of  curv4<ture  of  the  latter  was  sufficient- 
ly great  fo  furnish  a  tube  of  such  diameter  that  capillary 
effects  were  overcome;  but  in  a  tube  of  very  small  bore  such  de- 
termination would  be  a  difficult  matter.   To  assume  that  the  menis- 
cus in  tubes  of  small  bore  is  hemispherical  y   approaches  the 
true  state  of  affairs  but  falls  somewhat  short  of  the  mark. 
However,  we  have  found  the  correction  based  on  such  an  assump- 
tion to  be  perhaps  the  best  available,  and  such,  correction  has 
been  applied  in  this  work.   The  method  follows:-  "Assuming  that 
the  surface  of  a  meniscus  is  similar  in  shape  to  half  a  sphere 
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and  bhat  -he  two  surfaces  of  ~     I      Lecue  is  equivalent  to 
Ire  i       il  surface  the  following  conclusion! 
:   In  a  manometer  there  are  a  number  of    '.     ~u,  each 
le  of  containing  a  definite  number  of  cubical  units, 

number  of  which  would  depend  upon  the  position  of  b  -   enieci 

at  the  time  a  volume  v.-as  included. 

2 
"Since  the  volu^me  of  a  cylinder   :=   77  R  q,  where  R  Z 

radius  &f   the  circular  sectionjand  h  Z   the        and  since 

3 

the  volume  of  a  sphere  =  4/3  V   R  ,  and  considering  t 

inscribed  in  the  cylinder,  then  the  volume  of  bhe  d        lis- 

cua  is  equivalent  to  the  difference  in  volume  of  bhe  c;  linder 

2  3 

and  the  inscribed  sphere,  //  R  h  -  4/3  77~R   =  x;h  =  2R.Then 

^r    2  3  3  3  3 

/Tr  h  s  2  77"  R  j   2  7TR     -   4/o77'r     =  2/3 /T  r     =     volume   of  double 

meniscus. 

"Now  since  this  expression  above  is  in  cubical 

and  *e*s%   volume  oj        ometers  is  express  3d  in  linear  unite, 

the  former  must  be  converted  also  into  linear  initsa 

"Nc:  2/0"  R   =  volume  in  cubical  unics 
2 
rTR  =  area  in  cross  section 
3 
2/3  TTr     dd         /T  R  -  2/3  Ra volume  in 

linear  unite.   2/3  R  :  1/3  D.       , 

oia: :    f  |  3  at  one  9         . " 


•ecalculation  of  a  series  of  volume  ue- 
terminationa  on  a  manometer  which  v/as  compared  with  the  "stand- 
ard",  upon  application  of  the  revised  meniscus  correc 
curve  shown  in  Fig.  v  was  straightened  out  somewhat  ao  higher 

pressures.   This  seemed  to  fix  the  trouble  upon  that  factor. 

I  e  of  the  meniscus  correction  may  "be  seen  from  the 

7 
following  extract  from  a  paper   en  this  work:"  -  -  -  in  deter- 
mining the  temperature  coefficient,  the  errors  in  the  meniacua 
correction,  if  they  are  uniform,  may  "be  very  large  without  se- 
riously affecting  the  result;  but  when  it  is  attempted  to  as- 
certain the  relation  of  osmotic  pressure  to  concentration,  the 
case  is  ~/ery   different,  for  then  the  pressures  of  all  the  va- 
rious concentrations  cf  solution  are  -o  be  camp-red  at  fixeu 
temperatures,  and  the  meniscus  corrections  h^ve  consej/ut.-  ;1; 

:  differing  values.   This  is  illustrated  from  the  data 
taken  from  the  record  of  a  single  manometer  (No,  9).   The  me- 
niscus correction  (double)  in  this  instrument  is  0.17  call   *- 
tion  mit,       --.   volume  of  nitrogen  under  st-andara  conditions 

jmperature  and  pr-jsaure  is  454,1'.  i  nite.   Cc  - 

I  in  ;he  .x   le  givea  z~-  e   .  -  antratic  .  jJ 

tions;  II,  the  pressures  .         jtjs;  III,  the  volume  of 
the  ucvr-jaaeu  nit  'Ogen  i\u  .■-  )d  to  .re;  IV, 

7   An.  CI..  Jr.,  4£  ,237. 
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the  corrections  in  fractions  of  an  atmosphere  for  the  double  me- 
niscus; V,  ;.;;e  relative  osmotic  j-iressures,'  the  ^rtsauree  ol  the 
0,1  .  Lon  serving  as  the  unit.  Colu:.':!i  VI  contains  one 

relative  corrections  lor  meniscus , the  co  the  0,1 

normal  solution  serving  as  the  unit.   The  temperature  in  all 
cases  i6  25  degrees. 


I 

II 
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IV 

V 
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\        1.9503 
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0.3 
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0.5 

12.947 
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0.06972 
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21.9937 

0.6 

15.620 

28.37 

0.09360 
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29.5268 

0.7 

18.436 

24.11 

0.12999 

,-.9Zb 

41,0063 

0.8 

21.258 

20.97 

0,17233 

c.,1055 

! -..3628 

0.9 

24.126 

lb.  53 

0.22133 

9-.1558    ! 

69..  .  02 

1.0 

2r/.076 

16.54 

0.27dO^ 

10.27  55     J 

87.8044 
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Particular  attention  is  called  to  columns  V  and  VI, 
•ill  be  seen  that,  while  osmetic  pressure  increased 
a  little  «*s  ben  icla,the  value  of  the  meniscus  correction  in- 
creased nearly  88  fold". 

Ao         ju  earlier  in  this  uiscussicn  of  the 
standard, no  means  was  found  oi  avoidini  discrepa 

.:s  unaer  lew  pressures.   It  ia  rja. 
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ablj  certain  however,  that  these  are  due  to  vari^iuis  of  ca- 
pillary depressions.  And  since  no  way  of  as< 

..  withe   ig  -  -  lanometer  and  experimentally 

determining  the  depressions  the  "sCci.ndardB  waa  discarued. 

method  used  was  that  of  "siae  tube". 
siac  cube  ccnsiscea  of  a  pie*e  of  tubing  cut  from  che  same  piece 
of  cubing  as  the  inanomecer  itself,  the  objecc  being,  a*  ijaa  been 
stated,  tc  avoid  capillary  depression  correc  ticns.   In  some 
instances  conccrdanc  volumes  were  obtained  from  several  obser- 
vations.  Ths  range  of  pressures  were  necessarily  la 

-x^lamea  udl'oro.  But  even  though  this  narrow  range  of 
pressures, too  wide  variations  were  frequently  found  to  be  ascribed 
to  errors  of  observation.   Ic  was  i  .       it  che  errors  ci  capil- 
lary depression  in  i;]  e      -  ter  cube  ana  che  side  cube  of  pre- 

.  b.«;ie  bore  were  in  a  greac  majority  of  laott, 
iacc  always,  additive.   In  such  a  case  as  that  reciceu  in  tal  le  I, 
is  way  i   I 

:  on,  as  well  aa 
its  use, would  be  lost. 

In  order  ;o  avoid  such  liability  to  error  in  aeter- 
mining  che  volume  cf  nitrogen  una-  ,  a  side 
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8  40  m.m.  in  uiameter  waa  adoj     -  ...   e  j.-       ,  in  fact, 
apillar^  u  e\  reaaicn  detemiinaticna.   0 
tiheae  tubea  v;aa  aealea  on  to  a  carometer  tube  of  ordinary  bort 
and  about  50  c.n.  length.   The  tube  carried,  a  ebopccck  so  : 

column  of  mercury  might  be  maintained  while  chai        10m- 
etera  in  the  block.   Thi8  bube  is  represented  in  Fig.  III.   Re- 
sults obtained  by  uae  of  bhis  bube  were  highlj  satisfactory. 
T  i  ..  »   i   -o  ita  uae  however,   I        ...   Le  to 

re  even  a  few  millimetres;  and  furthermore  the 
ant  insertion  and  removal  of  manometers  to  and  from  the 
"steel  blocks"  augmented  the  chance  of  accident;  anu.  oreakage, 
further  the  process  was  ver,/  alow.   The  method  which  proved 
;orj  of  all,  and  b]    .      .   .  .r ted. waa  bhe 
uae  c:       die  aide  tube^b^  rubber  -tube  connection  with  the 
manometer.   In  fact  t  e  sa       Lon  after  which  ca]       de- 
pression were  determined  -  the  difference  1  sing 

closed  '.'here  bef<    I   xras  open.  Comparisons  were 
aters  by  the  side  bul  e    :hod,  ca]  1]  . 

tube  of  prj 
steel 

e  wide  aide  tube  was  isei 
*1 


,ienC8  in  volume  from  several  ol  a.  "va- 

bions  at  different  pressures  cc  -  rained. 

iae  side  tubes  the  agre  ite  satis: 

-nd  rubber  tube,  ana  furthermore  these  values  a 

closely  with  e        v.     Having  established  the   i] 

and  expediency  of  one  method,  work  waa  Immediately  carri< 

e  entire  leu  oi  the  new  type  manometer •   The  procedure  was 

briefly  aa  follows.  Ifa      v   and  aide  tube  were  conne< 

means  (In  order  to  avoid  refilling  the  side 

er  tube  at  eac;  change  of  manometers. a  sort 

i3u  tc  l Ic  se  the  rubber  tube  near  the  manometer  sce^u  before 

rernovin.y  ),   I,  this  operation  care  was  taken  to  ad- 

to 
air  ir./the  stem  of  the  manometer*  Both  siae  tube  and 

mane.       are  clamped  firmly  into  position,  and  small  mirrors 
bound  on  at  a  suit        Le  for  reflection  of  li.  -  tc  the  cole- 
scope.  A  tapper  was  -laced  in  position  a£  manometer; 

Lole  system  was  then  allowed  tc  come  bo  coi  .. 
ture  of  the  lath,  Afoer  temperature  equilibrium  had  certainly 
been  establishea.  ter, 

Dll        -  rvatione  were  taken;  Volume  of  ^aa  i 
sta  nenisc  1 ,  I  arc  ra- 


use.  After  ma 
aa  laws,  b   volum<  of  gaa  contained  :  -ar 

dtandard  conditions  of  tempera 
id.  B.'.c  pressure  on  bhe  manometer  could  he  varied  i:  - 
ed  degree  bj  raising  or  lowering  bhe  *-       .   Kais  "act 
of  prime         oe^for  it  made  it  quite  poysible  to  bri 
the  lcv/er  meniscus  to  a         of  bhe  capillary  in  which  its 

as  accurately  known.   On  such  days  when  much  fluctua- 
tion -       arometer  took  place.it  was  difficult  to  control 
the  exact  position  of  bhe  meniscus^for  as  atmospheric  pressure 
increased  the  mercury  column  in  the  manometer  would  rise,  and 
contrary,  when  the  pressure  of  bhe  atmosphere  decreased,  the 
mercury  column  in  the  manometer  would  fall*   Ir.  such  oabes  the 
curved  plotted  for  the  depressions  usually  furnished       cee- 
■ary  data        corrections.  However,  in  a  few  instances 
these  failed.  The  latter  fact  v/as  probal  lv/  due  .0  some  varia- 
tion of  depression  which  had  still  escaped  the  verj,  d 

Lnation  for  .'■  ■  same.   I         sea  .  us  rais- 

ed o~  i  .     :  iscus  in  tl  e         r  stood  - 

Lilt  depression  was  more  cona: 

With  bhe  exception  of  two  of       ometera  ol 
tvpe,  all  gave  volumes, unde         .1  conditions,  of  ,uore 


•  • 


1000  oalj         -ii,*.  A       I  irgest  volume  of  all  was  s 

m  3200  units*   I a     ■    ■   case  of  ;he  old  type. 
9ter  it  was  possible  to  obtain  ac  most  onl;  ahou   oo   iits,  and 
ost  cases  the  volumes  ranged  fr<   :  r   to  five  hundred 
Since  the  calibration  unit  is  a  linear  unit,  una  not 
a  cubical  unit,  it  is  obvious  that  the  size  of  the  capillary 
controlling  the  calibration  unit  would  have  no  influence  on 

■  of  units,  in  so  far  as  increasing  or  decreasing  that  num- 
ber is  concerned,  if  the  bore  was  of  the  ordinary  uniformity* 
Hence  i1:  was  impossible  to  increase  the  number  of  units  greatly 
except  by  lengthening  the  tube*  This  v;as  impracticable,  ana 
rendered  unnecessary  by  the  adoption  of  the  new  type  of  instru- 
ment . 

In  determining  the  volumes  of  manometers,'  it  is  i 
sible  tc  get  values  agree:    a    aore  closely,  in  irac'icns  of 
calibration  units,  with  ;he  cla  type  of  manometer  tha 
new  type.   Hence,  if  the  actual  fr_  ument  is  as  close 

in  a  manometer  of  large  volume  as  in  that  of  one  of  small  vol   e, 
.  ;a  e  error  in  the  one  of  large  volume  is         iler 
i  in  one  of  small  volume.   In  most 
exzr  Latj  u         Lnimum  volume,  uc- 

observatj  O.Oo  to 
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0,1  j'       .   Ehe  variation*  fall  wel"  a  of 

COMPARISON  OF  MANOMETERS 

One  more  step  was  taVen  before  the  nanometers  were 
considered  ready  for  osmetic  pressure  work.   And  this  seep  would 
prove  the  worth  or  unfitness  of  the  instruments.   They  were  com- 
parec  against  each  other.   That  is  to  say,  two  manometers  were 
connected  in  such  a  way  that  theke  gaa  volumes  were  under  the 
identical  compression.   The  comparisons  go  the  present  have  been 
mad-v;  at  lew  pressures  only. 

In  order  to  compare  two  manometers  arainat  each  other^ 
at  low  pressures,  they  were  connected  by  the  same  rul  e  used 
in  trie  methods  for  determination  of  cjjjillary  depressions  ana 

Instead  of  side  tuoe  ana         ,r,  there  ..a.a 
placed  manometer  ana  (nanometer.   The  sa     -  re   Uaedj 

.  >o  se^  :  e  r  -uhe  ai 

Lth  mercur  I  ■  s .  B., 

■tment  01  manometer^  .... 

ach  coul  point  on  t 

tenti 


and  the  ays'. on  allowed         bo  the  c: 

the  m       •  house.   I  rvations  was  identi- 

•nination  of  volume , except  no  "barometer 
'.  . 
Obviously,  when  corrections  for  difference  in  height 
of  the  mercery  columns  In  the  two  a       •$,  and  capillary  de^res- 
■ionSji*  applied,  the  pressures  on  both  volumes  of  gaa  must  be 
identical!   And  if  the  values  for  the  volumes,  obtained  by  the 
method  set  forth  in  this  paper,  are  correct,  then  the  calculated 
pressures  from  t^es^  volumes  should  bo  identical. 

Those  three  in~iio;aeter8  which  showed,  at  once,  smallest 
variation  £&£   calibration  corrections,  capillary  depress:!   , 
percentage  variation  from  mean  in  volume, we re  cr.osen  as  stai 
of  ccmpiridon.   These  three  are  knov  .  •  r.hers 

31,  40  a  id  41. 

In  t   1   II  2ts»  shown  a  s^ies  cl  results  o'ft-ined. 
'espectively  repreo:         :         L) 
ber  o i  ; er ;.  ( 2 ) 

:  i  conditions  ,        I 
;d  described  i  ,  (         served  volume  of 

.13*,  (4)  L 

- 

W3.8  CO) 


(6)  ■  >       ■ 

of    b  ^andard;    (7)   peri  uion 

Lue   of  volu   e;    (     i  er- 

'iouted  "between  the    two  manometers. 
TABLE   II 


1 

2 

3 

4 

5 

5 

7 

(31 

1204, 

; 

1038.  " 

:  894.03  : 

1.176 

1200,62 

0.32 

:  0.16 

(34 

954.56 

: 

39  5.10 

:  890.88  : 

1.1^2 

953.06 

0.35 

:  o,i7 

(40 

1103.75 

. 

947. xO 

:  938.31  : 

1.234 

1103.75 

0.00 

:  0.00 

(32 

1212.86 

: 

1079.77 

:  938.27  : 

1.234 

1212.88 

0.00 

:  o.oo 

(41 

1676.64 

• 

1682.46 

:  832.40  : 

1.096 

1~77,40 

0.05 

:  0.03 

(36 

1302.19 

i 

1154.77 

:  332.78  : 

1.096 

,  1301.68 

0.04 

:  0.02 

(31 

1204.53 

■ 

1063.73 

:  945.86  : 

]  .244 

1201.14 

0.23 

:  0,14 

(40 

1103.75 

: 

959.95 

:  946.21  : 

1.241 

1106.70 

0.27 

:  0.13 

(32 

1212.33 

j 

1112.52 

:  808.73  : 

1.091 

1212.05 

0.07 

:  0.04 

(41 

16^  . 

: 

. 

:  306.96  : 

1.090 

1677.90 

0.06 

:  0.03 

(31 

120  . 

. 

1072.29 

:  394.56  : 

1.177 

1201.91 

. 

:  o.n 

(32 

1212.88 

: 

1135.57 

:  892.16  : 

1.174 

1216.14 

0.26 

:  0.13 

(41 

1676.64 

: 

169  7.5  5 

:  825.01  : 

1.086 

1701..  1 

1,50 

:  0.75 

(30 

140'  . 

: 

1294.37 

:  837.40  : 

1.101 

.49 

1.35 

:  0.67 
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It  will  be  noticed  in  the  table  above  tva^  mi.nometer 
32  was  compared  against  eacb  of  tve  three  ehosen  8U. :•. ■' •  r.rda.  It 

13  quite  exactly  with  numbers  40  and  41,  and  agrees  v«~y 
clcselv  with  number  31.   Furthermore  numbers  31  and  40  were  com- 

against  eacb  other  and  agree  very  satisfactorily.   Sue'  a 
method  of  procedure  makes  it  possible  to  place  all  the  instru- 
■ame  t asj s. 
Seventeen  of  the  new  type  manometers  were  carried 
jperatlons  described  in  tMs  paper.  Out  of  the 
seventeen  t~c(17os,  25  and  30)  a~e  looked  upon  with  suspicion. 
In  table  II  is  given  the  reason  for  suspecting  some  error  in 
Number  30,   The  volume,  as  calculated  for  column  6,  is  far  too 
small  to  he  accounted  for  I  -      •   •:  ■  -  ttal  error,  and  a'ree 
number  41  is  in  such  close  accord  with  the  other  manom^terp. 
is  hut  the  natural  aid  necessary  course  tc  - 
in  column  2  for  manometer  30  as  wrongi     ber  25  presenta  a 

discrepancy,  '  ^a^niGudo .   Howev* 

enters  3.-e  too  latve  tc  vvarra; 

cases;        ic  press--  I  'ogen  vol 

at  scandard  conditions,  careful] 
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•  ince  berg  are  <  c  1  re  s-i 

1 Lke  t    of  ?    lancet  If  o 
alan<  Lr  ■     ,  the  con- 

e  case  of  the  two  connected  mam  - 
eters,  even  a  ernill  displacement  of  equilibrium,  fo~  any  cause 
whatsoever; would  divide  itself  "between  the  two  instruments. 

'ore    it  is  unfair  co  make  one  monometer  carry  the  er-or 
of  toe  two.  For  this  reaa       writer  velieves  that  column  3 
^ses  the  real  error  more  clcsely  than  column  7, 

The  comparisons  of  these  manometers  will  he  carried 
ressures  as  high  as  28  to  50   atmospheres.   For  this 
"steel  block"  and  the  ""brass  "block"  i  ill  're  used. 
".  rass  rlcck  differs  from  the  steel  block  ii       Lts  -"eservoir 
contains  water,  and  that  manometers  may  he  placed  into  it  in 

same  fashion  as  they  are  placed  in  the  cells  for  an  osmotic 
pressure  measurement. 

:;.."  /■■'... 

1,  The  earlier  work  on  manometers  has  been  reviewed, 
and  its  inaccuracies  taken  ir  ;o  ace 

2.  A  new  type  ci  -.ancmeter  has  been  devised.   J"  s  ad- 

Lder  type  have  out  and  uiseussed 


-. 


3.  rhe  menhcu  of  calibrstcion  of  ;"->ese  manometers  has 
Veen  reviewed. 

4.  A  supply  of  ver,       rade  mercury  V-. a  been  pre- 
pared and         cd  described. 

5.  The  method  of  determining  capillary  depreaaiona  of 
the  manometer  tubes  haa  been  dealt  with  and  the  purpose  fully 
discussed. 

6.  A  review  of  the  method  for  filling  the  manometers 
with  nitrogen^ and  of  closing  the  instruments  haa  been  given, 
and  the  method  of  preparation  of  the  nitrogen  gaa  has  been  ae- 
scribed . 

7.  The  apparatus,  bath,  and  method  of  calculation  for 
determination  of  gas  volumes;at  standard  conditions,  of 
manometers  has  ben  described. 

: .   3omparisona  of  all  the  new  manometers  have  been 
against  each  other  at  lev;  pressures;  and  15  satisfactory  in- 
b  have  been  obtained. 

rhe  object  cf  the  work  was  to  throw  light  on  error 
sources  of  manometers  cf  small  Vcre.   Alt"-  lains  yet 

to  be  done,  it  is  I  elieved  that  sor-  .  the  end 

has  Ve^r.  made* 
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